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(71) We, IsnEBKATIONAL 

Machines QntPOBAtiOKf a Corponition 
organized and ezisdng imder tiie hm of the 
State of New York m the United States of 

5 America, of Armonk, New YoA 10504, 
United States of America (assignees of 
DoKALD WosiZBOAN) do hereby dedare the 
invention for which we pray that a patent 
may be granted to us, and the mediod by 

10 which it is to be performed, to be particu- 
larly described in am by the following state- 
ment!— 

This invention relates to recording and 
playbadc apparatus indnding improved means 

15 for compensating for distortion such as Vow 
aid flutter^ in the recording and pkybad; 
of data, and more particolarfy to means 
correcting the ooippt of magnetic recordings 
of philological, seismological or other data- 

20 gathenng media a) that when sach output is 
stored and read, compensdon is provided 
for the ^zartpomings of the magnstic record- 
ing device such as the intiodacti(m of '^tow 
and flntter** due in part to speed vatiatioss 

2S of the recording device. 

When a graph recording is being made on 
an electrocardiograph device for £s^^om of 
a heart condition, it is at rimes advisable to 
make a jmralld magnetic tape recording of 

SO the dectncal pulse l^t output Si^ a mag- 
netic tape recording not only provides an 
alternate storage means far the heart condi- 
tion recordii^, but al^ provides a direct and 
roulily available control for a central com- 

35 puter programmed to analyze rapidly and offer 
diagnosis of die kind of dqiartare from the 
nomial heart beat as indicated by the graph 
output of the recording. In orte to nuuEO 
it possible that such magnetic leooxdings may 

^ be taken in a widesfxead fashion aal may 
be available in mam locations without special 
expensive recorders it is proposed tiiat cbeaper 
dictation equipmem may be used for reccsd- 

Iftfef 5s. Od. (25^1 



tng. Qieaper magnetic recording devices are 
subiect to variations in taqps s^eed dtK to ^ 
estemal as well as mtemal vanaxK^e of the 
power »iurce and the result is a recording 
containing '^ow and flutter** distortion ^ 
true recoups which are ordimrily of no 
con^quence in vocal recordings. However, 50 
should such disturbances be recorded as part 
of an dectrocardic^ph chart, they become 
puzzling to the physician, diagnostician or 
computer because there is ordixurily no way 
to sort out erronecus graph portions from t& 55 
true graph picture of the heart condition. My- 
normalities are determir^ on the basis of 
waveform, direction, amplitude and time in- 
terval of the graph vmvt pattera 

Heretofore tha:e teve been disdossd cor- 60 
rective controls associated with maggretic re- 
cording de!vices for eicample in the Specifica- 
tion of copending Patent Application Na 
33308/66 (Serial No. 1129866) bm they are 
of a rather broad f grm resting on correction 65 
of major diversions from true cxmditions. 

The object of the present invention is 
to provide for sotatantially compete com- 
pensation so that the most minute erroneous 
electrical disturbances due to wow, flutter, tape 70 
defects, dn^Mmts, or blank periods, for es- 
ample, are dJdssr eliminated or made evident 
so that a diagnosis may rest on true, accurate 
and reliable premises. 

According to the pre^nt invention recc^- ?3 
ing and playback apparatus comprises re- 
cording apparatus induding means for re- 
cording a carrier (dgml frequency modulated 
in accozxlanoe VTith a data sigsal and mssma 
for simultaneously recording a tone signal, and S5 
plavbadc apparatus inrlndiog means for de- 
riving a compensating agnal from raid re- 
cord^ tone signal rqsresenting distortion, and 
means for subtracting from each portion of 
the recorded data signal p%ed b^ the cor- 90 
responding portion m said co m pe nsat ing sig- 



nal modified by a factor depscdant upon dte 
inst Bman eons mtipsBcj of add canter sf^ 
saL . , 

In order that the inveotuni nay ot more 

5 readity understood, re&reooe will no w be 
made to flcoanvon^ing dnmqg^ m 
whidi:— - 

Figorc 1 shows a series of ECG dart re- 
corduagB widi ami widtont coa^ffi nsgoan y 

10 Figure 2 shows a pair of dart recordi^ 
one of vi^iich is an BOG reoiading with sfnm 
(dropouts) and ±e odser d which » a ffoA 
iDustration which shows a monitDr tone afco 
eshihitii^ the same spikes. 

15 Figure 3 shorn a Mries ctf ECG normal and 
ahimnnal heart cocditiott recordhiBS and asso- 
ciated therewidi recordings derived from mag- 
netic reosdin^ with and without pro- 
partiosal CQnspsnstiozt> 

20 Figure 4 is a Uod: di^tam sho wing a 
snnpk FM cmnpensatBd reccrdii^ system 
using a tone oontnil and a sii^ chanffe l. 

Figure 5 is a Uock diagram of a playfaa^ 
or reprcdndng device for omtrol by tik ^ 

25 cording of Figure 4 aid correctian m m 
rejsodndng mode, . ^ • ^ 

jl^gure 6 is a diagramnsmc showing oi ui 
EGG recowHng systen in c hid in g a magnetic 
taps device vwtii proportional compensation 

30 devices, . . ^ ..^^^ 

Figure 7 shoves a transistorized oistortion 
proportional tone compensation multiplie g^cir« 
cuit of the typ^ used in the advanm form 
of recording and rqarododng devices ilhis- 
35 trated herein. 

Figure 8 is a diagrammatic showing of the 
playback or reprcdndi^ devices controDed by 
a taipt record^' with proportional compensa- 
tion employed to eliiTiiinftte distortion oom- 
40 pl^ely, and 

I^gure 9 is a diagrammatic chart showing 
fjspidcsSly tte sigml and tone variations and 
the ftequency modulated controls tiiereon and 
also the associated smgte shot controls for 
45 both agoal and tone. _ 

Altiiongh die invention is illustrated in con- 
nection with an electrocaidiog^^ and a mag- 
netic tB^ oontroU it is apparent that otto 
forms of input data mformation m^ be 
a) similarly treated on other forms of xecordecs, 
for example optical and ekctromecfaanical re- 
corders and reproducers. 

Bdore presenting a brief summary of the 
de^ption of the novel devices involved, it 
S5 is bebeved well to note die usual d irect and 
normal heart form of dectrocardicsram as 
seen at the top of Figures 1 and 3. Since 
these graph Hues are undsstood to be made 
directly If an etectrocardicg rajph, it is per- 
60 tinent to note diat such an instrument is d^ 
signed to record die etemt u uoi iv e force 
genoated by the heart mnsde fseliminaxy to 
the physical contractions of tte musda Most 
such ECG devices utiHze radioamplificatiaD 
45 to influence die styha type of recordmg which 



may be viewed instantiy. The i^paratuB is 
in its essence a vohm^ and the graph re- 
corded is a curve whidi continualfy alters with 
respect to time. In recosding the graph the 
potential difference between two points on, 
the anrfooe of the bod^ is measured. This is 
flC0QnQ>]iidted by placing electrodes on ibs 
GCtteDBities and on the chest 

A normal recording snch as that shown at 
the top of Figure 1 involves a normal sequence 
of PQRS and T waves. A small low voltage 
deflection F is caused 1^ die atrial ^egdta- 
tidn. This is followed by a resting interval 
PQ vAicfa denotes passage of eledncal im- 
pulses from the atria to die ramkles. A tall 
rapid deflectfe?" signal QRS denotes a ^pentride 
PiPC* ****"" and a ventrical recovery is illus- 
ttated by the d^ection T: a small slow de- 
flection wave V sometimes follows the T de- 
flection. When die abnormal heart recordings 
sbown in die second and third Hues of Figure 
3 are comi»ied with some of the data de- 
rived from a tttpe widiout compensation such 
as die second line of Figure 1 and the fonrdi 
Hue of Figure 3, it is divious that a great 
amount of ooofoaan could be caused if die 
reoQidngs are not reHeved of error before 
bemg reproduced for diagnostk contrtiL 

Ine general principles off qierarion for com- 
pfnyfltinn nay be noted by reference to die 
radier simple form? of recmder and reproducer 
shown in ^jgiires 4 and 5, respective^. 
zefierenoe to diese Figures, a summary, wfaidi 
is of aid in undostanding the more com- 
plicated form of controls embodying the in- 
vention and found in the later l^gures, will 
now be given. In Figures 4 and 5 an FM 
moduktor is used in conjunction with a mag- 
netfe tape dic&ition recorder 26, and allows 
the recording of low frequency information be- 
low* 200 CPS and abo dizniist^ the first 
order effect of wow and flutter in the re- 
corder. In Figure 4 the incoming signals are 
diown- at the left diagrammatically widi the 
sigittl 20 reprsenting a heart data signal in 
the presem iDoBtration. Below is a tone a^ual 
21 which may be taken to be 400 CPS. I&se 
two aigDals are siqip&d respectively to input 
tenmnals 22 and 23 connected to an ampli- 
fier 24. The Incoming bw ficequem^ data sig- 
nal ai^ tone signal are comhiTipd aod then 
fireqnaicy modnlafpd in the modulator 25 
and die resulting ag^a^ is fod to the recorder 
26 and recorded on the magu^ tape there- 
in. The FM modulator may be talosn to have 
a 2KC centre frequency. The ^ect of wow 
and flut^ due to speed varhtion in the re- 
corder 26 is conqMOsated for as described 
below by recording the tmie signal of 400 CPS 
in addition to t& data signal, in a an^ 
channel or track on die magnetic tape. It is 
possible to transmit and receive the data on 
the tape over telephone lit^. 

During playbadc and reproducing as ilhs- 
tiBted hi Figure '5, die tape signal is fed 
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to an FM demodulator 27 and the bw fre- 
quenqr data and tcme (4€0 C^S) sigDak aie 
Tecoveved. The data and tone sigmds, both 
of ^cfa may iodnde distordon campooeizta 

3 oonespoiKling to ''wow and flutter^ aze 
sepsi&ted by filters 28 and 2S and ^ tone 
signal is farther demodntaed by a demodnla* 
tor 30 80 that there meats on the lioe oat 
of the demodulator 30 ool^ a crwwpj^ring 

10 sipal OQzresponding to the t70w and flutter 
disto^on. lite low frequeocy agi^ repr&> 
seating data and distortion ate fed to a dtf- 
ferenoe ampfifier 31. If the casrier freqoeocy 
varies due to and flutter, the nominal 

15 400 CPS tone pSiQred haxk will also vary by 
the same amount and so by demodulating 
the 400 CPS tone signal and sobtmcting the 
resultant compensaiinjt signal from the data 
sigial the wow and flutter distortion in the 

S9 dm sigial can be diminnted. Theref<ae die 
difference amplifier ouQnxt is low frequency 
data conropondipg to the input data signal 
20 shown m Figure 4. The method of re- 
cording ilhistrated has several advantages. 

29 Thae is no chance for in teaiu nlu lation dia- 
tordons because d^ is only one casdet and 
this exHibles the recorder to be nonlinear. The 
data signal topther with dte tcme signal may 
bs transmitted over a regular telq>hone line 

30 and furthermore the Iro of the FM carrier 
will ensure loss of the tone ^gial so that it 
is obvious immediately if the spinal is loa 
by the darp variations in the tone M gnsf^ fre^ 
quency. 

33 It will be noted> with reference to die re* 
corder and rqxroduoer shown in Figures 4 
and 5, diat the reovding here is limited to 
a sin^e trade. In the prior art recorders, a 
sqnarate track is usually required for wow 

40 aod flutter compensatioa In oder to do this 
there is used a frequency modulated zero volt- 
age on the separate compensating trade Fre- 
quency modulation is acom^lisl^ fay assign- 
ing to eadi frequency in a certain range a 

45 corresponding voltage such diat a dange 
in frequaicy is proportioial to a change m 
voltage. In the prior art;, on playlack, since 
this separate compensati^ tn^ has no sig- 
nal on it, any signal that it reproduces is 

SO not due to distortion such as wow and flutter. 
Therefore, by subtracting such a sisnal frmn 
tl^ signal on the separate inf ormatum tiadi^ 
the distortion due to wow and flutter is can- 
celled out This results when the wow and 
flutter components on each tnck are die same, 
or for that part which is the same. Tl^ com- 
pensating FM signal is referred to as the con- 
trol tone or t& monitor tone. 

ft is an ovecshnplificatiQn to state that the 
& wow and flutter distordon is cancelled out 
oomptetfTy 1^ merely snbtmcdns ibt de- 
nrodqlated tone ^nal from tbe^ta signal. 
Since the distortion due to wow and flutter 
is not onfy proportional to dange in tape 



speeds but is also proportiooal to the carrier ^ 
frequency when me carrier frequent is at 
a centre beqoen^, sucfa.as 2 KC; the com- 
penaitiag si^poal derived from the tone sunal 
nught compensate ezactlv for the distord^ 
However when ^signal carrier is at a hi^ 70 
rang^ such as 2.8 KQ the dtortion wouU 
be 40 per cent greater and ihenfore the com- 
pensatmg signal would be too small to com- 
pensate for aU die distortion likewise wlien 
the casrier signai ia at the kfwer.raoge, sudi 73 
as at 12 the tone compenating sigxud 
will over oompenssis, thereby resulting in 
a dismrtion of die opposite jxilarity. Thm- 
fore, tone oontrd as described above otSj 
compenates fully for distortion at the centre 
cemer frequency. It is the^ jmrpose here to 
provide oompeosation for distortion over the 
fnU xaqge of frequencies employed for the 
paiticnbr task. In the present iUostration it is 
dutt of reoording pl^ysidogical data. @s 

Kdendng to Figures 6 and 8 it is seen tteit 
more compKcatBd controls are provided in 
the apparatus described to take care of dis- 
tortion pocuning at all ran^ of frequency 
modulation and thus provide propartiocal SO 
coanpgnsation of a more advanced and 
aoconite farm. The need far proportional con- 
trol is evident when we assume 40 per cent 
modulation and note distortion of one unit 
at the cemxe carrier frequency. The distor- ^ 
tion at hs +40 per cent carrier freouency 
would then be 1.4 units and at its —40 per 
cent canier frequency, 0.5 units. By i«ang 
tone compen^tion as described a!xr?e the re- 
suham distortion at tl^ centre carrier fre- lOO 
quency wouM be 0 units, 0.4 units at the 
upper frequency and —0.4 units at the lower 
freqoen^. In other words plain tone com- 
pensation would improve the average distor- 
tion by 5 to 1 and a p^ to peak distortbn 105 
figure by a to 0.4 or 3.5 to one. This makes 
evident that a further improvement would be 
made as described below if the amipensat- 
ing sigxml corre^Mmding to ibt distortion, be- 
fore being subtracted from the data Ri' g nn ^j hq 
is first nault^tied by the actial signal carrier 
frequency divided 1^ its centre signal car- 
rier frequency. Then the resultant compenait- 
ing si^xial is not only proportioial to varia- 
tions m tape speed, but a^ proportioiml to 115 
yariatioas m signal carrier freqnoicy. In the 
previous example of a higher freqi^ncy of 
Z8 KC as a signal carrier frequency, the com- 
pensatii^ signsd would be at 2.8 divided by 
2.0 times 1 unit, or 1.4 units. This is pre- HaO 
cisdy equal to the distortion in the sij^ 
and therefore after subtraction the resuhant 
distordon would be 0 units. At 12 KC the 
result would be similar. In other words this 
procedme enables one to compen^ in a 
proportiomd fashion and camf^tel^ for the 
dismrtion at all signal carrier frequendes. 

Before describing the oomplete recoid and 
playback drcoits of Figures 6 ami 8« the 



7 wiU te dEKnlied. pis dtenit m- 
ctaies m NPN tamaslior with lase 35, CM- 
lector 36 and emitter 37, 

pater 40. arf ^^S^'^Si^fe S 
data dgiffll IS ro^pned ^.^"^^i^. 'm' 
the to^dgnal is snpdifid io tanuml »• 
m onqBToT the SiDflite Shot 34js a «m 
10 of pnls^ rfreptitioniateeqnal totisetK^ 

SrSe ^»ping action of df '^Pjg.? 

dependent co the opaaung state Hts 
15 ds^^ch in totn is deparient on the 
TOhie of die data signal at tt™™! 3i 
lie tone signal can be feoni ib 

400 CTS as d^J 
aboTC and the data signal ^glf^f^ 
20 directly the carrier ftequoCT. Ttoefce ite 
^ S^^ptes<5>pliedtoI«w40TOllhaTO 
^laipto dependent on the "mer fe^ 

*^-^^eisnT«^««fiiS 



^ wffl be a ooopaisating a&sl which ^ 
haro a TOhie of zero if tts tone sgiBl «Ee- 
meney is esactiy 4C0 CK. K the tons agnal 

I disuBted there win be « <»=fl«f^ 
ontpit signal fcom fite 40. Tl^.^^ 
otaTbe d^adent on tie ampHtnde of tl^ 
applied pulse train. The cooqiaiffltfflg 
i^iat fiom fiher 40 is therefore d^eitftent 
mOs ea As dismrtion rf the tone sig^ 
Sd partly on the dijlerenre betwemjK 
aanafairier fre^n^ and the ceatK earner 

*^f*S%iacticfll eampls a ctata agnal of 
+1 TOh^tstnural 32 represents a can© 
fteanemy 33i% off centre freqaeocy ami tte 

iSt 34 is V. If the tone signal 18.40O 
S^omput fcm filKr 40 > 0 vote. If ^ 

tone SDraal iEiequacy "?2 
the dm ngnal is 0 volts then ppnit A hns 38 

^ be sr-lJ rohs and pomtB line 39 
win be « +1J^ As tooited law ffl 
tins SpacifiGaiion die onqpot fiom finer 40 «ul 

tetde at:— 



30 



40 



4S 



V«»= secX 

100 



2KCXL5VxaSiiillH8« 
lOOOjoQIisec 



50 



=0015 VdlB 



K the carrier frequency imaeases by 33J% at+2 votau The output from fiha 40 will 
to^aX^'sSra vofejm ^ A ttettie 
be at -2 wto and poott B ^ « 
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Now lemembering tbat if a c^^F^^ 
of one imfc is nscesmy at a fflgnd csmaf 
£5^^ the cental 2 KQ^^^ 

^^^Sensatian was ^015^ at 2 KQ 

bTcalliiig 0.015 vote equal to 1 wA, 0.02 
OXBO 

^=1 unitX. -133 m aad ei- 

0.015 

^^^TbS^^ aibtracting 
txroportioosd outjmt from tte sigEJ, 
Si^Bsatioii S3 a^aittai, independent of 
STof the sigEil earner, and maylte 
to as propordond compei^o^ 

ijependent of the Ffic"^^^^™^ 

ito^wSTalso indCTOtdent of tfce 

SS^ the tonT^ may on a 8fip^ 



ckmnd osr track radie? than comfamsd as pue- 
esnted Siere for purposes of fflhattatitan. 

la ilie prior ar^ dktcrtion dompeoatioa 
is i^sfdsmed without the balandsg or nortian- 
ioff <K die nonh^licstioA steps of 
^ method. In the case of drawim EO& 
charts it is eddem that the omission of proper 
c<nsecdon ranhs in subtracting too large a 
coinecdon &cttir ^tssi the EOS is near one 
edge of the diart and not enoogh at the otfas? 
edia, and tins defidsKy is mose notioeahle 
^n the EGG has base Ime drifts or nvhen 
it is ddibendi^ off centessd to aooomodale 
largp R or S waves. 

Before prccesdins more spedncaliy to fne 
eolation, it is well to restate the problem as 
leqoiiing dze reproduction of on analog signal 
tsevioasb leooraed on a magnetic tape and 
^ do 80 widi good fidefit^. The term ''good 
ideH^ inq^lies several characteristics sndi 
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S8 a Vsmnxy wherein die chaoge in the re- 
produced sigoal is a fised constanc times a 
dange in the recorded dgnaL Then also tbae 
18 DC stability wbsein for at least one par- 
S ticalar recorded ^tage, the reproduced vt^ 
is invariant to time of recording and 
of reproduction (usually 0 volts in, pro- 
duces 0 vohs out). Then mre is also the ]ov7 
noke chaxacterisdc whsrein the fnctnati<ffl 
10 in r^roduced vohage trith no cosre^onding 
floctnadon in recorded voltage is hd^to a 
miotmmn. The charactesisdc of uride band 
width implies that die laqge of skiual fre* 
quency for whidi tbe attennadon is «wgiij 
IS shcmM be la^ 

In addition to the requirement of good 
fidelityj the device is to Imve good decmcal 
characterisdcs, be compact, portable and of 
bn7 cost, and have die ^biht^ to have tbs 
20 recorded signal transnutted over tdqibone 
fines. 

The t^pe of moduktion selected for use 
here, frequency modulation^ depaods sokly 
on the ability of the recorder to record fre- 

25 qoendes faithfully and therefore will com- 
pensate for rather gross nonliiisarities in die 
tape system, but this impoved lii^earity is 
traded for band vtddth. As noted diagram- 
nffldcaUy in the first four lines d the gr^hs 

SS> on Fig- 9) freqiKncy modoladon is accomp- 
lished assignlog to each frequency in a 
certain a carresponding voltage sudi diat 
the damge in frequency is propordoned to 
change m vohage. Here, there is assigned to 

35 0 vdts the frequsicy 2 KC and a funher 
assignment of die positive full scale vohage 
to 2.8 KC and the equal and opposite tobol' 
dve mmimiim to 1.2 KC and to each ro- 
qucncy mbetween dte oonespanding Imearly 

^ interpolated value. The centre i&equencj cts 
sdected as high as the limimdons (tf an in- 
expensive ts^ recnder xmM permit in order 
that the modulator band widdi be aa as 
possBik. The percentage of moduktion ms 

43 sdecied to be htgit m oider to limit die 
effect of dfotordon due to fluctuatido m tspe 
qpeed. For ezampi^ if the fiucdiadan of tape 
speed is assumed to be 1 per oenis dien at 
2 KC dus woidd correspond to a variatioa in 

SO frequency <tf 20 CBS. If die peroestage of 
modntatioa is 40 percent or 800 CPS tboa 
the signal to noise ratio would be 800 divided 
by 20 w 40 to 1. A laspr perooitBge d 
modnladoiL would increase the signal to 

gS note rado, however too laige a n^dulation 
would decrease the lower FM frequenqr be- 
yond which it could not record dte requiRid 
band widd^ fior exan^ 0 to 100 

00 The foregoing axe not the only reasons for 
selecting the particular centre frequency ttod 
percentage of modulation, but ihey indicate 
die most trouUesontt pm^ilem whidi is dis- 
tortion due to fluctuadon in tape speed oftoi 

6S referred to as wow and flutter. Amidier sig- 



nificant diaiact^istic of wow and flutter is 
diat it is carrier frequency dependent Assum- 
ing die signal is at 0 vote which ccHtesponds 
to 2 KC (see WN2 represented on the first 
tm lines oi Figure 9), a 1 percent fluctuadon 70 
would corre^MHtd to a 20 CPS change in 
carrier fr^wxcy. However, at 2.8 KC (see 
WNl m Figure 9) die same 1 percent s^eed 
dange woidd ooxxespond to a chanec ^ 28 
CPS and l&ewise at 1.2 KC (see W3 on 75 
Figure 9) the chai^ in earner frequency 
xvould be only 12 QPS. Since tl^ diange in 
frequency is proporticmal to v<te$e^ it Mr 
lows that in addidcm to being propottimial to 
tape ^^eed fluctuation, the wow and flutter 80 
distomon is also proporticmal to carder fre- 
quency. The way b which this propcstumal 
errcMT is cmnpensated is made more evident 
hereinafter. 

Another mi^iiod for imprcvix^ the signal 85 
to muse rado is noted hereiidsefoxe as be* 
ing accomplished by recardmg with the data 
si^iai a oonstant tone signal. This is also 
illustrated diagraimnsdcally in die first four 
Imes €i Figure 9. Whenever the FM. signal SO 
varies due m diange ui tape speed, the tone 
also varies by the same percentage diaoige 
as nmed by die disturbances at WNl, WN2, 
WN3. Smce bodi the carrier and die tone 
agnai are demodulated by die same tech- 9S 
nique, die compensadoa qgmd due to tone 
s^ial changp will have the sune ^lape as 
the distordon in the <bta signal due to 
change in s^nal cander freqnoi^, whenever 
die latter is due to changes si xapt speed. ICO 
Thus, any distortioii dne lo flnctnadon m 
tape speed will jgoduoe sioailar wave ^pes 
at die outptUB oi the data signal demodulator 
and the mne demodulator. As stated herein* 
befoxe;, a simplified ws^ oi stadng the cure l(B 
would be to say that the demodulated tone 
signal multiplied by an appropriate ccmstant 
is snbttacted from the demodulated data sig- 
nal and then die residiie is pure data si^ 
less the wow and flatter disOKdon. lio 

There are two methods for stmadmposing 
die tone signal on the data signal. One method 
is to recrad the tone signal s^penn^HisecS 
on the FM carrier frequency, friadng it at 
a frequency omside die s^^ carrier hm^ EIS 
width. A second metiiod is to st^>erin^sose 
moduladon. The first method is refrrred to 
as cm canaer** and the seomd as **xssbq 
on signal". Each of diese mediods has its 
own. advantage and diadvantages. Which 120 
method is better, depends very xmich on the 
cfaaracterisdcs <^ the ti^ recorder, and the 
int end ed usage. 

The *tee m sjgnaP* mediod used here 
does not entail the major disadvantage of the 125 
''tone on carrier'* method wb^ein the r^ 
oorder must be linear m order that the two 
carriers do not interfere with esxh odiar. In 
tm attempt to transadt a signal over phone 
Imes with the "cone on carrier" method, it 




trould require Aat die agnal be detected and 
Aen lemodntated widiout a tiHJe heftie »^ 

arissam. In tJie present "tone <».ffl8M^ 
nffitfiod once diere is fust one a«f »J™» 
5 restriction does nrt esdst ^"5^.^^^ 
biUty to utilize the same «JPe 
recmd and i^rodnoe cm be ned loaAw^ 

in^r^Xfiddity of tbe system as 

noted bejenafter. 
10 A significant oflaaideratioiatotetalnaiiiiw 

accwmtwhen using tcne sTgnal ajmpaiai^ 
nom Is tbe anMlitnde of tooe agpal w be 
^ teauseTcms into tte ^ agnid 
amplinide and dierefcte tone timrimrfe ahraU 

J5 be>pt as smaU as posaHe. On ^ 
band. anydisiDEtion atdK Ome aigndfe- 
onency mil tiend t» distBK die tnae and coar 
•Lnentlr racdiioe cmmiensatioai not present 
Sthe (faa agnal tJta^ addmg to tbe pie- 

sa aenieddistnrtion.lT»2reforeacon^ranisefe» 
to be sondiL Bspsmnentatiffli indirates dml 
whenthettBesSsnaltfdlizesabMitlQpereent 

as A pardculaxSy trcaWescane fWtWem ^ritb 
^ __ fl a™ i« fittch as m& one 



fllustrstiag tbe **tone <a apnal'^ medwri ^ 
oompassation. In thsss blccfc diagranw Zi w 
the umt in^jsdanqg oon^rfsing jaraDel ad- 
rase^ leastaaca and aqwdiance and ^» 
the fcedbads nnpatance of rsastance as Mted 
in the Spedfiation of cxjpending Ptagit 
AiwJicadcn No. 33308/66 (Senal No. 



70 



BlodES 56 find 68 ^^sesent xeristance sunn 
xnM with 56 nsed 10 add ^ fSJ^tf ^ 
die demodnlated toae to die sifflul wladi jre- 
sute m mtociing oat die diawrtioii mie 
to TOW and flutter. . 

Each of die dwadt netwods mchito a 
ffliddidier and rimer sndi as dze sonltqinei 
snd &ts 61 and 78 and they are ataito 
in troto die tonastnnaed onaut ilte- 
ttated and described Trfdi lefi^^ 

ConsMeringfimthe wper sow of the ^ 
cirit «od» in 1%. ^ 4e opssattcn rf tbe 
secQEder may be taken first and tca<£d as 
loDows. ^I^ben the bqmt voltage to Zi, 45, is 
zeo ^ofa$> die oatpot vQitage the DC mp- 
fifiar 47 is socii as to maintain tire votoj^ 

tape Reorders is ^^ "^.J^,^^ JSSjS^K^ed as an FM signal in 
idStified by numeral 90 on durd bne ^ nccooii »_?^rT-.zL- 



bottom gra^i of Fig. 3. Jh gi^l 
aranb breaks are cauad by ^aa^" 
Shead not ^/^^'^'^J^ 
tape magnetic material for a slwwfc penod oJ 
time. This fflury be cansed by obstmctM^ 
bonndng rf die head due to vibeealMms or tte 
lack of magnetic material at o^^aj^^i^^ 
etc. Whenever a dropout ooos^ M sig- 
nal also diffiippears. T^^^^^^^^y^ 
a gtiwiftl siimlar to a sudden drop csr Ji'm 



,eo(»der 63 and also tri^aa sin^ shot 53. 
At eaA zero aosins of die 2 KG earner 
(onoB eyety 250 microsecandsX the pulse 
sbaper 52 ou^ a negative gdng 

fires die 125 microsecond su^gle pot 
53. At diis fteqnaiqr, tite single shot 53 ss 
n^ttve for as nmdi time as rt is positive, 
m ^mwe diaper 54 clips die positive OTtpu 
<rf the sin^ shot st +Ve and simiMy t^ 
iBfi^twe volto^ ou^nt at — Ve. At an caal- 
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100 



43 
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tiw disticfition of a dropout smoe it m n^d 
to distinguish b^weea the signal carnar de- 
cEcasiiigm fequenqr and die signal FM car- 
rier di^ppearing for a short tin^ 
penating signal can he^ in makmg dus dis- 
Soction as noted Ijy dK portion of -fee ws^ 
risnal Identified ^ numeral 90' ^oi is 
^[tensive wdi die br^ 90 as r^wpseated 
in die tower porticm of Figure 3. The 
sfenal gsaish fine rasnnaBly varies very atfle 
Sm die centre ftequency. However, Jfflioe 
the tooe signal is su^ieshxqsoead mi the <^ta 
cg g ftfli 'B^ever die signal FM carrier dis- 
CUM^ at 90t, d^ tone also disappears as 
W. Thai eadi time the signal vana due 
to drwouts, die comjpeiBating sigofll win vaxy 
mose dian just hs normal few percoit mid 



of die waveshaper is ^mmetncal. Tneretor^ 
the v<toigB attrne ouQKit off die low pass fiter 
55 fed bad? to 2s 48 by 41 is zero 
Nedectuig leakige current at the n^rat ox tn^ 
DC amplifia: 47, tie snmmfaig |uncti(Bi, 
is also at 2ES0 vrfts, smoe die 'wittges i^hed 

to Zi and Z« are bodi aso Ha gam 
<rf die DC an^difier 47 is so diat '^en 
the summing functioa varies mmutdhr frun 
^ero vdts, the output voltage of the DC mnp- 
lifier 47 and die voltage contndled osduamr 
49 vary diroi:^ their enrite range. By virtue 
of die f&sSkaxSa aixongsmen^ die summisag 
juncticn automatically aw nnes a tttoge 
die voltage controlled osdl- 
hssxc 49 at 2 KC For any odier inpsot volt- 
age, tbete eaSsts a iEreguBttcy diet produces 



dffln^ in dual gr^ Imes genemte a masfcer 
to make the dzamostidan aware, or the otmir 
puter sense dnrmg sgwodudng dnt a dtqp- 
out Ieis occurred- - j 

Aaeation may be now dffecaed to a des- 
cription of die FM units widi sapect to 
bl<« digrams shown m the drawu^ 
Figines 6 and 8 are Mo^^gtams rf ^e 
tecord and xcprodnce dicnhry, zespectiv^^ 



tains die smnmmg juactian.at de proper le^ 
to maintala diat ftequesac?. Tbszefne^ Ute 
ntdo of tbe feedback voteige to die iqnit 
-vdltsse inll be eqoal to Ae n^ad^e of 
isd» of Zs to Zi or, bi eqoatiom foan: 
V, 

a) 
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The change in frequency &«m the frequency 
at zero input volts {Q be propoidoaal 
to the input voltage. For eannqde: 
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V. 

\ — T ^"^ 



(2) 



3 Where V. is positive and nnative dippinK 
level (1.5 vdts) 
t, is centre canier fceqoen^ (KC) 
■ff is actoal canier frequenqr ^mduding 
"wow and imef ^ects) ije., U'^tt+Wt, 
10 Now, by eqnatians (1) and 



or 



v..= (f..-g 



(3) 
(4) 

Enminin g the tower low of 
1%. 6k is addidcm to tbe ii^ut signal, a 4C0 
CPS tone is abo supeximptsed o^aUator 
46 OQ the input Tbe 400 GPS tone is de- 
modnlftied in a manner similar to tlie m gnai , 
Ho«remr, in ibis case a positive ^ngb shot 
34 of 0.625 msec k used (s&^ lii^ Fig. 9). 
Thmfrn^ tiie <m|^t signal of tbs mult^er 
and shaper 61, lug. 6^ is positr?e and aeg»- 
ti^e for sn eciual amoant of time. Its avera^ 
output is zero vote and, dtefefore^ docs not 
afiect die oif^nit of die lo^ pass filter 55 
into die smnming Jmicdon. Hoimner, at ^ist, 
if die muldpU^ and shaper ouqmt is sot 
STmmecrical, its ooqnit pmiuoes a DC shSt 

On gg ro dncCy Fig. 8, die voltage controlled 
osdUatctf 49 of Fig. 6 is n^ilaced ^ the tape 
leoorder 63 in a pla^dc mode. Therefore, 
provided the ^teed of the ape zecoxder does 
not vary between recond aid. playback and 
shioe d^ output of the recorder 63 is 
oxdinariiy passing ttiroi^ t!ie same csncuit 
components as it did during recording, die 
vohage at the inpiit of Z. is die sune at it 
ms daring iiecording. iUso, since die gain of 
die DC anqylifier is laxg^ 



Zx 



(5) 



Thus, 1^7 oomUning Equadoos (1) and (5)» 



In odier wdSa mdq^eodent of any noD" 
lineafities in ai^ of die drcuic building blodks, 
the output vdOEige is equal to the xeooided <!5 
voltage;, provided die chazacterisdcs of none 
of the elements or die smsi^y voltiiges diange 
bctwocii record and pJaybadc. 

During reooxding, Hg. 6, the 400 CPS 
oscillator oontrd of 46 is soperimpo^d <m ^ 
the input signal. During playback Fig. 85 tiie 
recorded mves contain a 400 CPS signal 
as filtered oat by hlixk 73. Thereto^ this 
sensed catupcment is used instead <tf die 4(X> 
CPS oscillatQr to drive the AC anqdifier 74. SS 

It was &own previously (equadcsi 4) 1^ 
the input voltage durii^ recording was pro- 
proportional to (fy— ffo)i or 



V,.=+ (U-t) 

Z. fo 

Since Vant equals Vib, tiiea also 



(7) 




Zi Zi Vto 



Now assume: 



(N(^ that the multipfying fumaion of die 
mnltqdier and shqper, also shosm in Fi& 7, 
guarantees this) 



V«.= + 1 (jt^-Q (8) 

n we consider the output vitoge due to tbe 
4(MF" tone patli, it is nmilaxfy also described 
by 



v.. is the tone clipping voltage similar to Ve 
fto=is centre tone fEequency (400°^ 
t^k actual tone frequenqr 

The prefedng sign is motive since the shide ^ 
shot 77 of the tone channel is positive m- 
stead of negatnre as it is in the signal padL 
During the time xshim die twie is 400**", 
(ft-fto) equals zero. Ther^ore, V^t due to 
the toie is zero. Hoi^Rever, if the tone 15 
frequemy should diange for some reascoi, 
Vt=«Qt ^Hild change prqpoztionany. If eqoa- 
tkms (8) and (9) are added, don die total 
output sigzal, as produced by Res. Summer 
6% is xepresemed by qui 



Tbsi, 



5 aal and 



W« 

ICO 



Substituting ta (11) 



{Cf«+wt,-« (f«+w*.-w} 
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V^=-±-!lft+^-fc-(fc+^^ <^ 
Zf £> 

Zi u 

2d eo6r iproiwitioi^ fai^iseqn»lt0 

dtott^ ail Anna" i8 IM thanjig ^ 
£^^^S,^Sa££Si Cao«,ueu^.E,nad«(ll)sh«aUi««l 

^Hiidi nould an^lii^ to 

-TOW Bdiieroiin pnctioE.Kiimeo(Hi^o^^ 30 



Mcardst fccqnendea^ tte *%ow and ftmet^ 
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Boor dot to "WW and fbmf=^(U-U)<OA W(, (ig) 
If no tone oanvemtion ms osed, then Equation (8) woolil result in 
Zi V. 

{(f-y+wy (19) 

Unlike Equation (17), the am due to '^irow to ^XfU 
5 and flutter" at f.<«>{, is not arok bat is equal la iua, aaomiqg 40% modulation 

Error due to 'Hrow and flnttei^sWC^MWli. (2(Q 

It should be pointed out diat since the out- the emr introduced has a ne^able efiect 

10 put of die amplifier 72, Fig. 8, is used to Hence, if the de-enqiliaas netmdTis placed 

obtain V,., when proportional tone compen- after the dosed loop^ this prdUem oouU be 

sation b used, V,, is distorted by the de- alleviated. 20 

empfaasB netwoik. Therefor^ the lesnhant Anodier set of compotatians may be ofFend 

improvement over n onptopwito nal coin| i en M i- here with iCEerenoe to die circuit aromntians 

15 tion is not dnmatically luge. However, if the shown near the bottom of Fig. 9. 
higher signal frequency onmpmuMm small. 



V.u=A{. 



1 1 

+ )f^ 



V.,^A(- 



2f. ^ 2i; 
1 1 



(21) 



(22) 



V.*=B(- 



1 1 

— ■)*.=A. (■ 

U U fu 



--(- — -)f. 



(23) 
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f^ 1 1 

V.= A( )U 

U fu. f. 

v=v,-v, 
1 1 f. 



V=Af..(- 



V=Afc(- 



f. f.f.. t 

1 f..-ft 

-HAM—) 



(24) 
(25) 

(26) 
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Assnme the tape recorder chaqges speed Case I— No Compensation; 

bjr equations (22) and (27) 



by W% then: 
£^ is made up of two parts 
«ignal=f. 

wow and flntttr«^ 

rf».«ssf,+Wf, 

ftj^. and f.=f„+Wf,, 
If there is no wow and jBntter ft=f«o. 



(27) 
(2J0 



V,=A(. 



1 



u f,+xw; 



•)(f.+Wf.) 



V.=A( — : 1) 



agnal + W&f 



40 



(29) 
(30) 
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V.=A(l— 1+1^4-1) 

fo *• 

Case n-Vma^^«>^^'- 
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S V=A) I + 



V=A(- 



Nov 
a fBV psnes^ 



•1 



■1 (?3) 
C34) 



the ^ and flutter is aafy 



flatter wMawt compensation eq^(31> Cms^ 
qneatly proportional conqienanon nnprows 
Im, iaieSm about two orders of magm- 
S^OdiXartionordden»«^ 

dtordon^Mn«e itan one onto of mag- 

"BhSieve, by using the oomiwisatian lignal 
to obtaiii B then 




and then die noises with c o m pf n gt i op would 
be deaeassd to aero for tins ^>pHc8tion. _ 
Rd^^ again to Kg. 8 ftjs seen duit 

too the sfaaper 78 a signal B wfadiB 4e 
^oanhiBd Tand inflnencea the output line 
86 of the shaper to produce propartwnal com- 

pensaiion at 4e output of lis 
K«k 81, ficom the DC ampbfier 72 m 
iSfe and ahaper 78 is used to obtam 
SrStttional level the me 

dannd in cries to effect prgpmnoial wm-. 
censstion and » P»nde an EGG lejffodBce 
Si «, BOG recorder 43 tbgigh niatchmg 
Xor& 82. Feedback 81 of gs- « 
STu) fine 32 of Fig. 7. The ouqpnt cf 
ndse shniec 76, Fig. 8, oonespon^ to bne 
§rf the*mul^ and ^^Jf^ ^ 
Fig. 7, die vahBge «» 1«8 41'-V at 32 tunes 

^^'TltepreviiBis oompanffltian tsdudques only 
oomnensaied far ndtags wtadon ami not tune 
totS. In odier wvds, lbs resutaint waw 
sffiiBl, if viewed on a seop^ tooM tod: astf 
it vNtt leooided widi a sve^ which fiuco^ed 
in speed. Fonmiately, akhough^ wdtage 
errors due to lime miation coidd be as large 



as errors due to frequency vtnmf<a aa^ 
appHcarioos die disiprrions fa «^ «^ 
l^MSSSUe to die newer. For eam^ 
when agnab ate lecorded on stnpdiart tt- 
OBdei?,^ variation in paper sp^ <w«ei 
tin^Tvariation distortion, however, tfasefiett 
is very rar^ apparent One leason vrtiy ttas 

to dB amount of diamroon is PJ^'^ 
to die sigral si« and, dwcefm^ ^*£n v^ 
ins small agnal fluctnatiow. die nine » vwy 
Sdl; Le., tite signal to noise ratio is a con- 
stant, hidependent of agial siik. 

A secodip^ esphuumpn « AatAe 
"wow and flutter" fa P«5F^ff*J^J^ 
flnctration, and tiierefore, die tnne ewadnate 
is proportional to de i?«Snd ctf ro^ljto. 
t^tion tocds to lanoodi out hi^ fteoMpy 
diiKtttion and consequently decrease die harm- 
ful effect i . 

Low fceqaency noise is «««muated by an 
tesrarion. In fact, if die DC tevdof die sp«a 
changes between reooni and t^nidm|a^ 

by comparing a long record, dm 
becomes quhe apparent In some^^crtion^ 
such as EGG analys^ afcw jgwot dmg 
ui average speed would dmw off some cn tical 
nMBsuremeni^ oonsideraWy. Ttedw^ m 
effort most be made to ieep coumt tteW- 
camponems of record and rqpodwe sps^ 
from machme to madnne. If ™f 
speed between macWnes becomes iffic^ d«» 
ttelco CPS tone could be used for tins pop- 

pose. If each tape recorder has a well r^^ 
lated 400 CPS osdllabir, as Mted Isse, then 
aw differoice between the tape speed during 
record and pbyboci would bs propoidraiu 
to donge in tune frecjuency. This p<sabiw 
for introducing antonatic conttol is not per^ 
farmed in die record-reduce system to- 
oifaed here; however, d« difference of fre- 
quency can easily be detected visos^. , 

A method for compfiBBtrng the tone 
fluctuation distortion due to wow and fli*» 
when gdng Analog to Digital (sa line 6, ^ 
3) is to use the tone fur d ettrmnmig die 
ample fteqneney. For example if die MB B 
used as die dodc for imtiatmg and dosi^ 
eadi sample, dien die samples wiU bs eqmlty 
spaced referred tad: to die ar^nal recording. 
Asnnung dmt die absence of a toiB means 
diat dioe a no data, then a ntonwticaHy no 
samples will bs tslwi at thoss nistaitces.^ 
so doing, die digitized dam win not be dut- 
tered with unwanted noise. 

White zero crossinRS of die tone mane off 
equal time intervals when recaTdni& die an^ 
litnde of die demodnlated .tone channel maiBs 
off read time during reprodnoe. 

IVevionsly, it was shown tiiat dte reprraue 
si^ is predsely die same as the rooonted 
signal indqiendent of Z, and Z: prowded th^ 
lemam the same. TUs is even true if Z, and 
Z, have reactive conqMraents. By an appro- 
priate dioioe of Zi and Za, some additional 
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and flntto" compeoMtioB oould be ob- 
tained. For example, assmae that die signal 
to be recorded Ym little pocrer above some 
GUtuff fireqosDcy. ThcD Zt and ^ oould be 

5 dtosen such that all oanponenis of the sipmd 
above this cutoff freqnenq^ are leoatded at 
a hjg^ anipUtnde. Since ti£ amoont of pover 
above tiiis frecpiency is small, the over-«ll per^ 
cent increase in leooidix^ pOTTer wtU be amalL 

10 Now, on pkybadc, ib& revising of Zi and Zt 
^Tould have the effect of decreasing frequen- 
cies above die cutoff frcqneocy the sune 
amount as it ms increased duriog recording. 
Therefore, any noise introdooed aboTO tUs cut- 
is off frequency, not present in the recorded sig- 
nal, wOl be decreased during playback, whm- 
a^ aiqr agnal at these higber frequencies Drill 
raroduoe distordonless. Zn those instances 
mere the signal power is concentrated at a 

20 very low frequency, this method can decrease 
the hieher frequency compooeBts of "wow and 
flntter** considerabfy. Also, carrier noise that 
may not be oomplstely filtered out during re- 
pn^noe^ is also decreased considerab^p. This 

25 type <tf ooo^teosation has been reoogiuzed as 
preempihasis fti rt^ d f^gm pfwi ff^ . 

In addition to Zi and Zs bong reactive^ Zt 
and Zs could also be non linear such that 
small signals produce a proportknaQy I^er 

30 change m frequency tlan Isge rigiaJs. TUs 
wmild improve the si^pal to noise ratio for 
smdl sigials. Again, due to the reversing of 
Zi and Zs> die reproduced output uTrald not 
be distorted. 

35 Anodter way to decrease the effect of 
and flutter" is to utilize as modi of the car- 
rier frequency range as possil^ This can be 
done easily, smce by just varying tbs magoi- 
tnde of the ratio of Zi to 2^ the freqi^ncy 

40 shift is varfed proportionally. 

In aiQT system where azah^ data is being 
stored on t^ a mafor t^oblm is its idooti- 
ficatbn. IdentiGcation falls into two ott^oones. 
depQDdin^ imon its intended use. If tiie {denti- 
ns fication is ror anodter p^son, a very useM 
form is voice, since it is easily undsstood 
everyone, and also easily coded by everytme. 
However, smce recordings are used most fre- 
quently with a conQMiter, it is ala) important 

50 to have a means of identification which is 
easily decoded by a computer; for enampfe, 
a dl^tal.codhig. To do this, the sme o^eciasi- 
ism used for recording analog infoamstion 
could also be used for coding. The ma^ dif- 

S5 ficidt problem, however, is on ^ u m i ipa t a r 
end— the dfcoding Here it is dfflRmIt for the 
computer to decide which is amlog infozma- 
tiott aid wfaidh is digital hsformatian. Qns 
pflssibih^y is to ny *^ ?^ the sequence for d^ pt ff l 

^ Information so unique that me con^Qter can 
test for i^ and never misiafai it nr analog 
infagmatiwi. Ho^TCver, tins often increases i3a& 
length of the program considerablfr, and psits 
an unsteoessary Inuden on the digital computer 

(SS and the programmer. A better m^tod is to 



reoad simultaneous^ some easily dficodnbte 
information which woidd identify automatic 
ally, far the computer whether the data is 
^iog digital In the pseseot case^ the 400 
GPS tone signal used for "^wow and flutter" 70 
c omp e n s at ion is ideal fcur this purpose. Since 
the tone is 400 CPS whenever these is anabg 
infomation, it could be mode 350 CPS when- 
ever tiiexe is digind infosnotion. 350 CSS 
is chosen (line 6, Fjg. 3) because it is dose 75 
oraefh to 400 CPS so tbit /Sraw and flutter" 
compfflnsffltion wiO still be in effect, and also 
it is far enoi^ away from 400 CPS such 
that the. differosoe in frequencies can be de- 
tected. As pohited out {nevionsly, die tone ^ 
channd was set iq> so tiiat the single dsot 
duration was such that Ts^en the tone is de- 
tected, die ooqmt signal is zero vdts at 2000 
^des. Therefore, at 350 CPS the ou^ volt- 
age would be negative. Consequendy, for 85 
anah^ information, the detected tone after 
fikeriog would be 2sro vohs;, and for digital 
it wouQl be sli||itiy n^adve mid fox any drop- 
outs, it would be ranAnn. For short dropouts, 
(40 ms) ^ randomness manifests itsdf as a SO 
sharp spQce. Thus, the tone phvs a very sig- 
nificant role. It is recorded uom line 85, 
I^g. 8, and tells whe^ it& infdnnatioii is 
digital, anabg, or nQU-edstent (note the asth 
and seventh lins. Fig. 3). SS 

Any couveuiiunal distal coding tedmiqne 
oonsisteist witih tize bandwidth limitadons of 
the sigmd diannel coaM be used. However, 
sicoe the amount of digital ceding fo? wwmy 
anabg base problems is Ihuited to just a few 100 
dkaracters, it is more important that 
mediod need be shn^de and convenient rather 
than conserve bandwidth. Therefore, a useful 
medicd is to use different voltage leveb to de- 
tect the different diaracters. However, if more 105 
tlm 10 characters are ittypffiffliry, separation of 
the dsractess may be ^tff^ft and oonse- 
quentfy, it XDSf be advisable to use sets of 
two or more consecutive vdtage levds to de- 
tea different diaractas. HO 

Using different voltage leveb to detea dif« 
ferent dfiffadm has several advsunages: 

1* It is simi^ to generate. 

2. It can be detected with an ADC nramally 
used to encode die anabg on^ of the tape IIS 
reooider. 

3. It can be visoaDy encoded from a strip 
chart recording. 

4. It can be heard, if played into a apealcer, 

and with practice mtdo^ttmd. 120 

The bottom two lii^ of Hguie 3 show 
test recordings made while demodulating high, 
tew and centre frequency recordings with 
eitlier conventional compensation or improved 
proportional compensition. It is evident llat 125 
die ragged line of tlie ordinary compensation 
made reveals that noise contiimes to wi fl | ^tpw<^ 
die recording in a bad wav. On die oti^ hand, 
the smoothness of the final line widi pro- 
pordoiml compensation applied, shows that 130 
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m ^wtntfaiiy all the adie infliHsoes are 

- * - 

fflHll"'*"™**- 

WHAT WE CLAIM B:— 
1. Recording and 0agibaek a] 
5 misiiig leconuag appantns in 

fewcoidiiJg a can" fP^ ^ — 
nodulated in acccrfana «Vii!!2li5f^ 
aad swuB far anmtaneoosly iecwdiB| a 
toK asnal, and plJ5*8* vgpam ^uSa^ 

said recorded tons a^iepM«m««jto«D^ 
tioft and nieam far suboactng ftom eaa 
tira^of the recorded data sgnal flayed Sad 
the um e woa diiig potion n said coBmcnac- 
15 iM signal modSdlqr a facwrd««to 
m die instamanemis ficeqnency of sdd earner 



^7j|mniato8 as claimed in daim 1 in vA!^ 
eadi pnAio of tiie said conpcnsating aglial 
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is modified by lanldptping it by the ratio erf 
tjbe iflstndaseims c&nier frequency to me 

^'^^^^Bm'^^asA in «tb» of 
iBTm«iMr dasDs conqrain means to com- 
data agnalia add tone ajgrnl 
JJnJ[Soduiatii« said carrier ognal in aooortl- 
flu ^ said cmrfana&it _ ^ . 

4. Amiiatns as daaned m any «ie of tue 

Scolded on a leonfing denoe deagwa for 
ifinnMro dtciBtton* « 

5. ItocBrding and_phyba^ a ppcatos aflh 
gtamianv as described viQi setaeace to 

% 3, 6, 7. 8 and 9 of tl* acoont- 

panyiflg diawingL 

M. J. W. ATCHLBy, 
Qiarwed Mest Afi^ 
Agent to tiie ApiiHcants. 
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